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ABSTRACT
The purposes of this study were:

(a) to determine

if a program of daily maximum resistance isometric exercise
of the abductor digiti quinti muscle caused changes in
strength; and if changes occurred, the level of training
where they occurred; (b) to determine if a program of daily
maximum resistance isometric exercise of the abductor digiti
quinti muscle caused changes in the size of diameter of the
supplying nerve; and (c) to determine if a program of maxi
mum resistance isometric exercise of the abductor digiti
quinti muscle caused changes at the myoneural junction of
the muscle.
The subjects of the study were eleven male and eleven
female subjects employed at the United States Public Health
Service Hospital, Carville, Louisiana.

Ten males and ten

females were used as controls for the testing procedures
designed.

All subjects participated in a one week familiar

ity routine in which they experienced all testing and train
ing methods.

All subjects were tested initially, and at six

week and twelve week intervals.

They were tested for changes

in abductor digiti quinti muscle strength; motor nerve con
duction velocity as related to changes in nerve diameter;
muscle action potential amplitudes and residual latency as
related to changes at the myoneural junction.

The experimental subjects underwent a twelve week
training program in which they performed four six second
bouts of maximum resistance isometric exercise with thirty
seconds of rest between each bout.

The subjects exercised

daily Monday through Friday between eight and eleven o'clock
each morning.

A two by three factorial design analysis of variance
was applied to determine the significance of the difference
in strength between trials, sexes and interaction effects.
Orthogonal comparisons were utilized to determine where the
significant differences existed.
A randomized block design with a two-way classifica
tion was applied to determine the difference existing
between trials of motor nerve conduction velocity, residual
latency and muscle action potential amplitudes.

Orthogonal

comparisons were utilized to determine where the significant
differences existed.

Within the limitations of this study, the following
conclusions were set forth:

A program of daily maximum

resistance isometric exercise to the abductor digiti quinti
muscle results in (1) a significant linear increase in
strength for both males and females, (2) no significant
change in the facility with which impulses pass through
myoneural junction,

e

(3) a significant linear increase in the

innervation ratio of the motor end plate.
xi

Chapter 1

INTRODUCTION
Since the impact of Sputnik in 1957, new facilities,
experimental programs, research laboratories and other inno
vations characterize the changes brought on by this scien
tific revolution.'*’ Research laboratories that are well
subsidized in regard to personnel, time, space and equipment
are contributing immensely to the knowledge explosion in all
professions.

Instrumentation and techniques have been

developed and perfected which can be used in other profes
sions.

Research workers in anatomy and physiology who are

primarily interested in studying the pathology of body
systems have contributed greatly to the expansion of knowl
edge in physical education.

In recent years there has been

a movement in physical education to redefine the body of
knowledge and to refer to it as human movement.

2

This seems

to have much support and merit in meeting the challenges of
the changing world.

However, regardless of how physical

education is defined, the profession must continue to be

^“Robert McClure, "Trends in Curriculum Development,"
Journal of Health, Physical Education, Recreation, XXXVIII
(1967), 25-27.
2Camille Brown and Rosalind Cassidy, Theory in Phy
sical Education (Philadelphia: Lea and Febiger, 1963), p. 24.
1

2

responsible for the body of knowledge that includes the
development of strength, endurance, and generally the ef
fects of exercise and activity on the neuromuscular system.
Logan and McKinney aptly stated that, "The development of
physical skills is a paramount objective of physical educa
tion, but students should also be made aware of the reason
3
underlying the development of physical skills.”
This is
why research by physical educators in the area of neuro
muscular responses to exercise and activity is so important
to the profession.
In order to develop a better understanding of the
scientific theory regarding the effects of resistive exer
cise on the neuromuscular system, instrumentation devised
in physiology laboratories essentially for the study of
abnormally innervated muscle was used in this investigation
to study normal muscle.

The basic instrument used was an

electromyograph which is not new to physical education.
Many kinesiology studies have been done with this instrument
revealing that a logical analysis of muscle action is not
4
always a valid picture of the functioning muscles. The
electromyograph instrument has been commercially available
since before World War II, but it was not until the late

^Gene Logan and Wayne McKinney, "How About Why,"
Physical Educator, XXII (1965), 162.
4Frances Hellebrandt, "Living Anatomy,
graph I (1963), 43-58.

Quest, Mono

1950's that it was made available with the necessary acces
sories to perform tests that reveal the velocity with which
an electrical impulse may be transmitted through nerve and
muscle fibers.
STATEMENT OF THE PROBLEM
This investigation was designed to precisely examine
three types of physiological responses of the neuromuscular
system to a maximum resistive isometric exercise program.
The first type of physiological response was concerned with
whether a maximum resistance isometric exercise program
using the overload principle caused significant changes in
strength.

5

If differences did occur, the level of training

where the differences occurred was investigated in addition
to determining whether sex influenced the level of training.
The second type of physiological response was concerned with
the influence of the training program on nerve diameter.

It

has been demonstrated in laboratory animals that the diame
ter of nerve can be correlated with the degree of innervation and muscle fiber size,

g

and this investigation attempted

to demonstrate the same phenomenon indirectly on humans.

The

5

Arthur H. Stemhaus, "Strength From Morpurgo to
Muller - A Half Century of Research," Journal of the Asso
ciation for Physical and Mental Rehabilitation, IX (1965),
147-150.

g

Katsuka Tsuruyama, "Nerve and Muscle Fiber Size, "
Japanese Journal of Medical Science, XVII (1937), 76-79.

third type of physiological response was concerned with the

influence of the exercise program on the myoneural junctionThe myoneural junction is the place in which the nerve
fibers terminate on muscle fibers; sometimes it is referred
7
to as the motor end plate.
Van Huss, m a recent Academy
of Physical Education publication clarified the need for
studying the events that occur at the myoneural junction.
He pointed out that if one of several nerves entering a mus
cle is cut and capped, there is an increase in size of the
end plate and growth of remaining nerve endings following
activity.

He questioned whether this was due purely to the

surgical intervention or secondary to exercise.

Also, he

questioned whether or not this phenomenon could be produced
g

in normally innervated muscle.

This study sought to con

tribute information to these problems.
PURPOSES OF STUDY
This study was designed to evaluate changes that
occur in nerve and muscle secondary to a program of maximum
resistance isometric exercise to one specific muscle, the
abductor digiti quinti muscle of the dominant hand.

n

J. V. Basmajian, Muscles Alive (Baltimore: The
Williams and Wilkins Company, 1962), 12.
Q

W. D. Van Huss, "Research in Physical Education,"
The American Academy of Physical Education II (1968), 2328.

5

Specifically, the purpose of this study was to in
vestigate the effects of a maximum resistance exercise
program on the velocity with which an electrical impulse
traversed the ulnar nerve, the facility with which an
electrical impulse passed through the myoneural junction,
and the relative number of muscle fibers participating in
a response to an electrical stimulus applied to the ulnar
nerve.
The overall purpose of this study is to use the
findings from these proposals to develop a better under
standing of the reaction of the neuromuscular system to an
isometric exercise program involving one isolated muscle.
SIGNIFICANCE OF THE STUDY
This study was designed to demonstrate the potential
value of nerve conduction velocity testing as a tool in phy
sical education research.

Since it can be used to measure

the speed of electrical impulses passing through specific
nerves, the use of this technique could contribute immensely
to a better understanding of the influence of the peripheral
nervous system on warm-up, reaction time and movement time.
In addition to the efficacy of the technical aspects applied
to physical education, this investigation was proposed to
examine the influence of a specific muscle strengthening
program on three types of physiological responses in which
answers to the following questions were found:

(1) Does a

6

program of daily maximum resistance isometric exercise in
volving one muscle cause changes in muscle strength?

If

strength changes were demonstrated, did they occur at any
specific level of training?

If strength changes occurred

at a specific level of training was this level the same for
females as males?

(2) Does a program of daily maximum re

sistance isometric exercise involving one muscle cause
changes in the size of the diameter of the nerve innervating
the muscle?

(3) Does a program of daily maximum resistance

isometric exercise involving one muscle change the quality
of transmission of impulses at the myoneural junction of
that muscle?

Does a program of daily maximum resistance

isometric exercise change the muscle fibers innervation
ratio at the myoneural junction?
The first part of the first question concerned in
creases in strength secondary to a program of maximum iso
metric exercise.

It was the intent of this question to

support the theory that significant increases in strength
would occur from an isometric type of training program.

The

second part is concerned with the level of training that
increases might occur.

The objective was to determine the

most desirable length of time for this type of exercise
program, and to identify the critical period during which
the greatest strength increases became evident.

The goal

of the third part of the first question in relation to
whether or not sex of the subjects influenced the level of

training where the greatest increases in strength may occur,

was to determine if an isometric exercise training program
developed for males should be designed in essentially the
same manner for females. Peterson, 9 using twenty-four
females and twenty-three males, suggested that there might
be differences between the sexes in response to maximum
isometric contractions performed daily.
Regarding the second question, it has been suggested
by Van Huss^^ and supported by Weiss that increasing the
strength of a muscle through exercise will increase the size
of the nerve diameter.

Also, it has been well documented

by investigators that the motor nerve conduction velocity of
an electrical impulse through a nerve is directly related to
12 13
the overall diameter of the nerve. '
Consequently, if
the overall diameter of nerve was increased in size through
an exercise program, this would be reflected by an increase

^Frank Peterson, "Muscle Training by Statis Contrac
tion and Eccentric Contraction," ACTA Physiologica Scandinavica, XLVII (1960), 406-416.
l^Van Huss, loc. cit.
■^Paul Weiss, "Nerve Pattern, The Mechanics of Nerve
Growth," Growth, V (1941), 163-167.
■^J. B. Hursh, "Conduction Velocity and Diameter of
Nerve Fibers," American Journal of Physiology, CXXVII (1939),
13

F.
K. Sanders and D. J. Whitteridge, "Conduction
Velicity and Myelin Thickness in Regenerating Nerve Fiber,"
Journal of Physiology, CV (146), 152-174.

in the conduction velocity of the electrical impulse.
Therefore, the purpose for determining if an increase in
strength is reflected in an increase in conduction velocity
would be to discover if the nerve does in fact undergo
change.

Consequently, students with essentially normal

intelligence levels, but with motor learning problems could
be examined to see if changes in conduction velocity occur
following an exercise program or if there is a lower than
normal conduction velocity initially.

Either phenomenon

would suggest a peripheral involvement rather than weakness
14
xn the processxng mechanxsm of the central nervous system.
The first part of the third question was concerned
with the quality of transmission of impulses at the myoneural
junction in response to an isometric training program.
Karpovich supports the theory that the facility of trans
mission of the nerve impulses across the motor end plate in
the muscle fiber is one of the gains of training.

Also, he

indicated that studies in this area were substantiated by
Takovlev, Karobkov, and Yananis, 15 Russxan physxologxsts.
These investigators found that animals trained for speed
running, who were sacrificed following the experiment,

14R. S. Creed and D. Denny-Brown, Reflex Actxvxty
. .
of the Spinal Cord (London: Oxford Press, 1932), p. 7.
15
N. N. Takovlev, A. Karobkov and S. V. Yananis,
Physiological and Biochemical Foundations of Theory and
Method of Sports Training (Moscow: Fizkultura, 1960), 152.

demonstrated an increase in area of contact between the
motor nerve endings and muscle fibers and that the ratio of
the end plate areas to the cross section of the muscle fiber
also increased. 16 A technique called residual latencymeasurement was developed by Hodes, et al.
studying peripheral nerve disorders.

17

(1948), for

The application of

this technique made it possible to calculate conduction
delays through the finer distal portions of the nerve fibers.
Consequently, it was possible to investigate on humans the
effects that a training program had on the terminal portion
of the nerve fibers and the myoneural junction.

Therefore,

the purpose of this question was to discover if by direct
clinical application it could be determined that one of the
gains of training, as Karpovich indicated, was greater
facility of transmission of impulses across the motor end
plate.

Additionally, this technique of residual latency

measurement applied broadly in similar investigations could
provide a better understanding of the role of the myoneural
junction in a program of isometric exercise.
The second part of the third question deals with the
innervation ratio of muscle fibers following a program of

IC

Peter V. Karpovich, Physiology of Muscular Activ
ity, Sixth edition (Philadelphia: W. B. Saunders Company,
1966), p. 32.
17R. Hodes, M. G. Larrabee and W. U. German, "Human
Electromyogram in Response to Nerve Stimulation and Conduc
tion Velocity of Motor Axons," Archives of Neurology and
Psychiatry, LX (1948), 341-365.

10

maximum resistance isometric exercise-

Harvey and Masland

reported a method which serves as an index to the number of
muscle fibers capable of participating in a muscle contraction secondary to an electrical stimulus. 18 Fibers that
are small from lack of use are present in every muscle, and
frequently they are dormant and do not have the capacity to
respond to most stimuli. 19 However, they have the potential
for developing to maturity if the exercise principle of
overload is utilized.

This index originated by Harvey and

Kuffler is determined by measuring the amplitude or vertical
height of the muscle action potential following electrical
stimulation of nerve.

Consequently, any change in the

amplitude of the summated muscle action potential reflects
a change in the number of mature fibers responding to the
electrical stimulus. 20

The purpose and value of having the

ability to measure the muscle fiber innervation ratio lies
in the fact that it is a quantitative measurement.

Students

with gait problems or other motor problems can be evaluated

18

A. M. Harvey and R. L. Masland, "The Electromyo
gram in Myasthenia Gravis," Bulletin of Johns Hopkins
Hospital, LXVIII (1941), 81-93.
*1q

L. Brouha, "Physiology of Training, Including Age
and Sex Differences," in Anthology of Contemporary Readings,
H. Slusher and A. Lockhart, Editors (Los Angeles: Wm. C.
Brown Company, 1966), 107-119.
^®A. M. Harvey and S. W. Kuffler, "Motor Function
With Lesions of the Peripheral Nerves," Archives of Neurol
ogy and Psychiatry, LII (1944), 307-322.

11

objectively and specific corrective exercises prescribed
accordingly.
DELIMITATION OF THE STUDY
The subjects were male and female employees of the
Public Health Service Hospital at Carville, Louisiana.
These subjects were selected from a population of a small
pool of employees who volunteered to serve as normals in
certain clinical trials.

The number of subjects partici

pating in the study was twenty-two.

The exercise program

was confined to the ulnar innervated abductor digiti quinti
muscle of the dominant hand.

The exercise program was daily

for twelve weeks.
LIMITATIONS OF THE STUDY
All subjects were asked to refrain from exercising
the abductor digiti quinti muscle specifically other than
that required in the training program.

There was no way of

enforcing this request.
DEFINITION OF TERMS
Maximum isometric muscular contraction. A muscular
contraction using maximum effort in which tension was de
veloped against a resistance that prohibited movement.
Motor nerve conduction velocity.
with an electromyograph instrument.

It was measured

It was the speed

12

measured in meters per second in which an electrical impulse
passes through a segment of motor nerve.
Residual latency.
myograph instrument.

It was measured with an electro

It was the difference between the

actual time for an impulse to pass through the myoneural
junction and the calculated time it would take if the im
pulse travelled at the same velocity through the myoneural
junction as it travelled through the nerve trunk.

This

indicated the facility with which an impulse passes through
the myoneural junction, the less the difference the greater
the facility.
Innervation ratio was the number of muscle fibers
that respond to a stimulus in relation to the number capable
of responding.
Amplitude of the muscle action potential.
measured with an electromyograph instrument.

It was

It was the

vertical height of the muscle action potential projected on
the oscilloscope in response to electrical stimulation of
the nerve.

This indicated the relative number of muscle

fibers responding to a maximum electrical stimulus.

Chapter 2

REVIEW OF RELATED LITERATURE
I.

INTRODUCTION

All of the literature reviewed was selected because
of the appropriateness of it toward this study.

Since this

investigation was confined to the examination of strength
and electrical changes following a strengthening program to
one isolated muscle, the literature was reviewed accordingly.
A review of related literature for this investiga
tion was concerned with three main areas.

The first cate

gory was concerned with the selection of an exercise routine
most effective for strengthening the abductor digiti quinti
muscle.

This search of the literature emphasized specific

muscle and muscle group strengthening procedures as indi
cated.
The second category was concerned with motor nerve
conduction velocity measurements.

This search of the

literature was essentially confined to measurements of the
extremities since trunk, thorax and facial motor nerve
conduction velocities are not performed in the same manner.
The technique for measuring motor nerve conduction veloci
ties of the extremities is performed with essentially the
13

same method in various laboratories.
The third category is related to residual latency
and amplitude of the muscle action potential.

Residual

latency measurements do not have a wide clinical applica
tion, therefore, they have not received as much attention
in the literature as muscle action potential amplitudes.
II.

RELATED EXERCISE PROGRAMS

In 1953 Hettinger and Muller'*' reported a study on
isometric training.

Their findings showed that strength

improved in various muscles from thirty-three to one hundred
eighty-one percent.

These results suggested that the most

effective strengthening program could be obtained from one
daily six second isometric contraction against a resistance
of two-thirds of an individual's maximum contraction-

They

used nine subjects in their experiment, testing seventy-one
muscle groups.

From these subjects it was noted that muscle

strength was increased five percent per week when it worked
against one-third of its maximum load.

When the load was

increased from one-third to two-thirds, greater increases in
strength occurred.

When the load was increased greater than

two-thirds of maximum load, no additional increase in

"*"T. E. Hettinger and E. A. Muller, "Nuskelleistung
and Muskeltraining," Arberlsphvsiologic, XV (1953), 111125.

15

strength was noted.

In upper extremity muscle groups, cir

cumference measurements were used to determine the amount
of hypertrophy secondary to exercise.

An increase in

strength was associated with an increase in hypertrophy,
but the validity of the circumference measurement was ques
tionable.
Rose and co-workers

2

in 1957 used the same princi

ples developed by Hettinger and Muller, but they used
isotonic exercise routines.

They asked their subjects to

exercise with their knee extensors the greatest weight they
a

could maintain for five seconds.

The load was increased one

and a quarter pounds daily until a plateau was reached.
Rose found that strength increased from eighty-two to one
hundred and sixty-two percent, very similar to Hettinger and
Muller's increases.

However, no hypertrophy was found by

Rose after brief exercises while Hettinger and Muller found
a linear relationship between muscle strength and cross sec
tion during the training period.

Also, Rose obtained gains

in strength in the contralateral unexercised extremity which
3
supported Hellebrandt's studies on the cross education ef
fect .

^D. L. Rose, S. F. Radzyminski and R. R. Beatty,
"Effect of Brief Maximal Exercise on the Strength of the
Quadriceps Femoris," Archives of Physical Medicine, XXXVIII
(1957), 157-164.
3
Hellebrandt, loc. cit.

16

Mathews and Kruse^ in 1957 compared the effective
ness of isometric and isotonic muscle training programs
using the elbow flexors.

Isometrically they used three

consecutive six second contractions daily, and isotonically
they used similar loads and measured this with an ergograph.
The results of their study support the results obtained by
Hettinger and Muller, since a significantly greater increase
in strength was recorded by those subjects using an iso
metric routine.
Rasch and Morehouse

5

in 1957 published a similar

study which was in complete disagreement with Mathews and
Kruse, yet they also used the elbow flexors as the muscle
group for experimentation.

They used a single fifteen

second maximum isometric contraction three times weekly for
six weeks, and the results showed no significant gains in
elbow flexion strength.

Also, from this experiment they con

cluded that hypertrophy appears to be somewhat greater in
isotonic exercises.
£
Liberson and Asa,

1959, conducted a study comparing

^Donald Mathews and Robert Kruse, "Effects of Iso
metric and Isotonic Exercises on Elbow Flexor Muscle Groups,"
Research Quarterly, XXVIII (1957), 26-37.
5p. j. Rasch and Laurence C. Morehouse, "Effect of
Static and Dynamic Exercise on Muscular Strength and Hyper
trophy, " Journal of Applied Physiology, XI (1957), 29-34.
T. Liberson and M. M. Asa, "Further Studies of
Brief Isometric Exercises," Archives of Physical Medicine,
XL (1959), 330-336.

isometric and isotonic muscle training programs for the ab
ductor digiti quinti muscle of the hand.

This study was

very similar in technique to the methods demonstrated by
Mathews and Kruse

7

for isometric exercise and testing.

Isometrically, they tested and exercised the abductor digiti
quinti by abducting the little finger, which was attached to
a cord connected to a strain gauge.

Isotonically, they

tested and exercised the abductor digiti quinti by abducting
the little finger through a full range of motion.

The re

sistance was graded by a system of pulleys which maintained
a known resistance through the range.

The results of this

study confirms the work done by Hettinger and Muller

g

that

the isometric method was superior for increasing strength.
These authors reported only minimal changes in muscle volume
as measured with a tape measure around the hand over the
belly of the abductor digiti quinti.
Peterson,^ in 1960, presented a study involving
twenty-four females and twenty-three males as subjects.

The

subjects performed one maximum isometric contraction daily
for thirty-six days in position of 90° elbow flexion and 90°
knee extension.

There was no significant change in strength

7
Mathews, loc. cit.
8Hettinger and Muller, loc. cit.
^Peterson, loc. cit.
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for the combined group of males and females.

However, the

males did make mean gains while the females remained the
same, and the author indicated that this may have been sug
gestive of individual differences between sexes.
In 1960, after further investigation, Hettinger‘S
revised some of his previous beliefs and concluded that
"the maximum improvement in the strength of the muscle group
being trained can be obtained by giving daily one maximum
voluntary isometric muscle contraction against a resistance
for one or two seconds."

However, a later study published

by Muller and Rohmert^ reported that a daily maximum con
traction of from four to six seconds was more effective than
a one second contraction.
12

Also, in 1963,

Hislop presented a very comprehen

sive study which was in agreement with Muller and Rohmert's
1963 study.

She found that increasing the frequency of

isometric exercise between two bouts weekly and two bouts
daily resulted in greater increases in maximal strength.

10T. E. Hettinger, Physiology of Strength (Spring
field, Illinois: Charles C. Thomas Co., 1961), p. 44.
■^E. A. Muller and W. Rohmert, "Die Geschwindigheit
des Muskelkraft Zunahme bei Isometrischen Training," Int. Z .
Angew Phsiol. Imscho. Arbeitphysiologic, XIX (1963), 403419.
12

Helen Hislop, "Quantxtative Changes m Human Mus
cular Strength During Isometric Exercise," Journal of the
American Physical Therapy Association, XLIII (1963), 21-39.
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Also, maximal intensity exercise invariably produced
improvement in strength greater than that observed with
exercise at seventy-five or fifty percent of maximum.

How

ever, she remained in disagreement as far as hypertrophy
was concerned; in her study there was not a significant
change in muscle volume measured when the extremity was re
laxed.

Hettinger and Muller made circumference measurements

when the muscle was maximally contracted.
The review of the literature above certainly indi
cates that isometric exercises leads to the same or a better
level of performance than isotonic or progressive resistive
exercise.

Rasch and Morehouse are the only investigators in

the last ten years who found isotonic exercise to be gener
ally superior to isometric as far as increase in strength is
concerned per unit of exercise time and resistance.
III.

MOTOR NERVE CONDUCTION VELOCITY

This area of review of literature concerns motor
nerve conduction velocity measurements.

Motor nerve con

duction velocity is a measurement of the speed in meters per
second which an electrical impulse is capable of moving
through a nerve. 13 The basic instrument necessary for the

John F. Burke, "Correlation of Chronaxy and Motor
Nerve Conduction Velocity," Journal of the American Physical
Therapy Association, XLV (1965), 955-961.
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performance of this test is an electromyograph.

However, it

is essential that the instrument have a synchronized stimu
lator and timer especially designed for nerve conduction
studies.

Unlike electromyographic studies in kinesiology,

recording during nerve stimulation does not require subject
cooperation or even his interest.

Therefore, it eliminates

those vagaries due to the human element and is a very objec
tive test.

The fundamental technique for determining nerve

conduction velocity was derived from the stimulus response
methods used to evaluate nerve function in the physiology
laboratories in the middle 1800's.

This was performed by

measuring the time between the introduction of an electrical
stimulus into the nerve and the appearance of a twitch by
the innervated muscle. 14 There was a limited application of
15
this technique m physiology laboratories for many years.
However, physiologists in early 1930 discovered that between
subjects there is an inconsistent delay of the electrical
16
impulse as it crosses the myoneural junction.
Therefore,

VonHelmholtz, "Measurements of the Time of the
Twitch of Animal Muscles and the Conduction Speed of the
Stimulus in the Nerves," Archives of Anatomy and Physiology,
XIV (1850), 277-285.
•^J. Erlanger and H. S. Gasser, "Compound Nature of
Action Current of Nerve as Disclosed by Cathode Ray Oscillo
scope, " American Journal of Physiology, LXX (1927), 624-666.
16

J. C. Eccles and W. J. O'Connor, "Responses Which
Nerve Impulses Evoke in Mammalian Striated Muscles," Journal
of Physiology, XCVII (1939), 44-102.

this type of testing proved generally unreliable and very

little investigation was done in this area until the classi17
cal study m 1948 of Hodes, et al. They devised a method
to measure the conduction velocity of the electrical impulse
through a segment of nerve without the inconsistency at the
myoneural junction.

For example, to measure the conduction

velocity of a segment of nerve from the elbow to the wrist,
the electrical stimulus is applied over the nerve at the
elbow, and the electrode for detecting muscle response is
placed over an innervated muscle in the hand.

The time in

milliseconds it takes for the electrical stimulus to pass
through the nerve between the elbow and the hand is recorded.
Next, the electrical stimulus is applied over the same nerve
at the wrist, and the time it takes to pass through the nerve
to the hand is recorded.

The second time is subtracted from

the first time and this difference is the time it takes the
electrical impulse to pass through the nerve from elbow to
wrist.

This therefore discounts the influence of the delay

of the myoneural junction.

This resultant time in milli

seconds, divided into the distance in millimeters from elbow
to wrist results in the velocity in meters per second.
Hodes 1ft also confxrmed the results of experiments performed

17

Hodes, Larrabee and German, loc. cit.

1®R. Hodes, "Selective Destruction of Large Moto
neurons by Poliomyelitis Virus," Journal Neurophvsiology,
XII (1949), 257-266.

by Erlanger and Schopfle 19 on animals regarding the slowness
of conduction velocity in damaged nerve fibers.
formed this work on guinea pigs.
severed on forty guinea pigs.

They per

The sciatic nerve was

Twenty of the guinea pigs had

surgical intervention to proximate the severed nerves and
the other twenty were treated conservatively and permitted
to regenerate spontaneously.

Conduction velocity measure

ments performed on the surgically treated group never
exceeded sixty percent of normal.

Conduction velocity

measurements performed on the conservatively treated group
reached sixty-five to one hundred percent of normal.
Hodes' study was followed by a series of other
valuable contributions.

In 1952, Wagman and Lesse

20

using

essentially the same technique studied the conduction
velocity measurements of the ulnar nerve between the elbow
and wrist on human subjects whose ages ranged from three and
one-half to eighty-two years.

They found that the maximum

conduction velocity of nerves which is found in young adults
may be attained as early as the fourth to fifth years of
life.

Also, beyond an advanced age, sixty years in their

19
J. Erlanger and G. M. Schopfle, "A Study of Nerve
Degeneration and Regeneration," American Journal of Physiol
ogy, CXLVII (1946), 550-581.
^Ojrving Wagman and Henry Lesse, "Maximum Conduction
Velocities of Motor Fibers of Ulnar Nerve in Human Subjects
of Various Ages and Sizes,” Journal of Neurophvsiology, XV
(1952), 235-244.
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study, conduction velocity decreases.

However, in examina

tion of the ulnar nerve between elbow and wrist using the
abductor digiti quinti muscle to record the muscle poten
tial, essentially the same results were obtained as Hodes'
when the age group was approximate to that of Hodes'.
In 1953, Norris, Shock and Wagman

21

also investi

gated the influence of aging on motor nerve conduction
velocity.

They examined the conduction velocity of the

ulnar nerve from elbow to wrist and found a slow but steady
decrease after the age of thirty years.

The average velocity

in the age group between thirty and thirty-nine was 58.6
meters per second, and in the age group from 70 to 79 years
it was 48.5 meters per second.

These authors suggested that

the decrease in conduction velocity may be the result of
vascular changes in the nerve trunk, and it was pointed out
that this was verified by the histological findings.
Simpson, Thomas and Lambert

22

established normal

conduction velocities in 1956 in conjunction with their study
of the carpal tunnel syndrome.

They selected thirty normal

subjects and performed conduction velocities using essen
tially the same technique described by Hodes.

However,

21A. H. Norris, N. W. Shock and Irving Wagman, "Age
Changes in Maximum Conduction Velocity of Motor Fibers in
Human Ulnar Nerves," Journal of Applied Phvsioloqv, V (1953),
589-596.
on

,

John A. Simpson, "Electrical Signs m the Diag
nosis of Carpal Tunnel and Related Syndromes," Journal of
Neurology, Neurosurgery, and Psychiatry, XIX (1956), 275280.
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instead of using a silver disc surface electrode to record
over the muscle, they used coaxial needle electrodes in
serted into the muscle.

It is interesting to note that

their conduction velocity measurements are very similar to
Hodes'.
In 1956, 2 3 Hendriksen, using the technique described
by Hodes, studied the conduction velocity of ulnar, median
and peroneal nerves in normal subjects.
very similar to the results of Hodes'.

His results were
It was reported that

in the ulnar nerve between the elbow and the wrist average
conduction velocity was 59.1 meters per second with a range
from 65.5 to 49.1.
In 1959, Thomas, Sears and Gilliatt

24

performed con

duction velocity studies on 180 nerves of 150 normal
subjects.

Twenty-five of these subjects had conduction

velocity examinations of their ulnar nerves from elbow to
wrist.

The average conduction velocity was 57.2 meters per

second with a standard deviation of 4.2 with a range from
51.8 to 67.1.

It should be noted that these data were in

23
J. D. Hendriksen, "Conduction Velocity of Motor
Nerves in Normal Subjects and Patients With Neuromuscular
Disorders," M.S. Thesis (Phy. Med.), University of Minne
sota (1956), p. 39.
24
P. K. Thomas, T. A. Sears and R. W. Gilliatt, "The
Range of Conduction Velocity in Normal Motor Nerve Fibers to
the Small Muscles of the Hand and Foot," Journal of Neurol
ogy, Neurosurgery and Psychiatry, XXII (1959), 175-181.
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agreement with the previous investigators.
25
Thomas and Lambert
in 1960 performed conduction
velocity measurements from elbow to wrist on subjects
ranging in age from infancy to three years.

These conduc

tion velocities ranged from 27 meters per second to 41 with
a mean of 30 meters per second.

Since this investigation was

the only reported study on infants# these results are com
monly used as clinical normals for infants.
26
Johnson and Olsen, in 1960,
examined the ulnar
nerve conduction velocity of sixty-seven subjects and found
an average velocity of 55.1 with a standard deviation of 6.4.
These conduction velocities were slightly lower than other
reported normals.

However, they attributed this to the fact

that the tests were performed on subjects who were suspected
of having motor unit disease.

Also, the ages ranged from

two to seventy-seven, with the largest percentage of subjects
being two to seven years of age.
A comprehensive report by Mavor and Libman 27 in 1962

2^J. E. Thomas and E. H. Lambert, "Ulnar Nerve Con
duction Velocity and H-Reflex in Infants and Children,"
Postgraduate Medical Journal, XXXVII (1961), 377-384.
2^Ernest W. Johnson and Karl J. Olsen, "Clinical
Value of Motor Nerve Conduction Velocity Determination,"
Journal of the American Medical Association, CLXXII (1960),
2030-2035.
27H. Mavor and I. Libman, "Motor Nerve Conduction
Velocity Measurements as a Diagnostic Tool," Neurology, XII
(1962), 733-744.
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described their experiences performing nerve conduction
velocity measurements at McGill University in Montreal,
Canada.

They defended their preference for utilizing skin

electrodes as follows:
One advantage of skin recording electrode is that, with
standardized positions, the composite muscle potential
recorded serves as a rough index of the strength of the
response, particularly when there is a unilateral ab
normality and the two sides are compared.
These investigators examined several hundred nerves over a
six year period, and categorized their findings by age
brackets.

The average conduction velocity of the ulnar

nerve from elbow to wrist from age 10 to 35 years was 58.9
meters per second with a standard deviation of 2.2, from age
36 to 50 years, 57.8 with a standard deviation of 2.1, and
from age 51 to 80 years, 53.3 with a standard deviation of
3.2.

These averages were in agreement with those obtained

by Lambert and were also used as accepted clinical norms.
The above review definitely substantiates the objec
tivity of motor nerve conduction velocity.

These investiga

tions have shown that conduction velocity measurements on
normal subjects done by numerous investigators are essen
tially the same when age and other technical factors are
28
accounted for in the measurement. Jarcho,
et al., (1958)

28
L. W. Jarcho, W. Vera, C. G. McCarthy and P. M.
Williams, "The Form of Motor Unit and Fibrillation Poten
tials, *' Electroencephalography and Clinical Neurophvsioloqy,
X (1958), 527-536.
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pointed out that despite variations in stimulation and
recording techniques, the conduction velocity tests per
formed in different laboratories have yielded remarkably
consistent results.
IV.

RESIDUAL LATENCY AND AMPLITUDE OF
THE MUSCLE ACTION POTENTIAL

This area of review of literature was concerned with
those studies which reported residual latency and amplitude
of the muscle action potential.

Residual latency has not

received as much attention in the literature as amplitude
measurements, probably because of its limited clinical ap29
plication. As indicated earlier, Hodes
developed the
original technique for measuring residual latency.

It is

measured by calculating from the conduction velocity determi
nation the time it would take an impulse to pass from the
wrist to the abductor digiti quinti muscle.

This time is

subtracted from the actual time it takes the impulse to
travel from the point of stimulus to the muscle.
ference is referred to as the residual latency.

The dif
According

to Hodes, this latency was presumably due to a slower
conduction velocity in the terminal portion of the nerve
fiber and a delay at the motor end plate.

I■

Hodes, Larrabee and German, loc. cit.
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Mavor and Libman

30

(1962) did an extensive study on

normal subjects and patients with suspected lower motor
neuron involvements.

They reported that increases in resi

dual latency suggest early evidence of changes at the
myoneural junction.
•3 1

NornsJ

indicated that residual latency might be a

more accurate evaluation of terminal nerve function, but he
suggested that it added to the complexity of the usual
electromyographic examination.

Also, he questioned whether

this innovation was found on sound physiological and anatom
ical grounds.
The amplitude of the muscle action potential is
essentially the vertical height measured in microvolts that
the muscle action potential attains on the oscilloscope of
the electromyograph following stimulation of the nerve.
This is measured by calibrating the deflection sensitivity
of the electromyograph. As previously mentioned Harvey and
32
Masland
in 1941, were the first to use this technique as
a clinical tool.

The same nerve on each upper extremity was

electrically stimulated and the amplitude of the action
potentials were compared.

The muscle action potentials from

30
Mavor and Libman, loc. cit.
31Forbes H. Norris, The E.M.G., A Guide and Atlas
For Practical Electromyography (New York: Grune and Stratton,
1963), pp. 72-73.
05

Harvey and Masland, loc. cit.
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corresponding muscles on the two sides of the body rarely
revealed a difference in the size of the potential of more
than fifteen percent.

Also, they noted that although the

potential values normally vary greatly for different mus
cles, they are always within the same range on the two
sides.

With these controls they examined several patients

with alleged traumatic nerve injuries.

The favorable re

sponses from this study prompted them to recommend the
stimulus-response method as being of special value during
the early stages of a peripheral nerve injury.

Also, they

indicated that, in conjunction with electromyographic
examinations, a more precise estimate of the severity of the
lesion can be evaluated.
In 1942, Harvey and Kuffler

33

described the typical

low amplitude muscle potential seen in patients with
myasthenia gravis.

They reported that patients with this

disease of the myoneural junction demonstrated normal con
duction velocities, but the amplitude of the muscle
potential was very low.
Eaton and Lambert, 34 in 1957, presented descriptions

Abner Harvey and S. W. Kuffler, "Motor Nerve
Function With Lesions of the Peripheral Nerves, " Archives
of Neurology and Psychiatry, LII (1944), 307-322.
34
L. M. Eaton and Edward H. Lambert, "Electro
myography and Electric Stimulation of Nerve in Diseases of
Motor Unit," Journal of the American Medical Association,
CLXIII, 1117-1124.
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of six patients with symptoms similar to myasthenia gravis.
The patients had normal conduction velocities but the
amplitude of the pick-up potential was very small.

However,

three of the six patients had malignant intrathoracic tumors.
Lambert's 35 conduction velocity studies on ten
I

children with Guillian-Barre Syndrome were reported by
Peterman, et al. (1959).

He found that in the first few

weeks of the disease the conduction velocities were normal
or only slightly reduced, but the amplitude of the pick-up
potential was reduced in magnitude.

Repeated examinations

eight to fifty weeks after onset showed that the conduction
velocities were definitely below the comparative normals.
Mulder, et al.,

*36

(1961) from Lambert's laboratories

at Mayo Clinic reported on neuropathies associated with
diabetes mellitus.

Results of nerve conduction studies were

reported as abnormal when two out of three of the findings
below were positive:
(1)

Latency of the response from the wrist on the

ulnar nerve and median nerve was more than 4.0 and 4.7 m/sec

A. F. Peterman, D. D. Daly, F. R. Dion and H. M.
Keith, "Infectious Neuronitis (Guillain-Barre Syndrome) in
children," Neurology, VIII (1959), 533-539.
*36

Donald W. Mulder, Edward H. Lambert, James A.
Bastron and Randall G. Sprague, "The Neuropathies Associated
With Diabetes Mellitus," Neurology, XI (1961), 275-284.
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respectively, and the peroneal nerve from ankle 7 m/sec.
(2) Conduction velocity was less than 47, 45 and 40
m/sec for the ulnar, median and peroneal nerves respectively.
(3) Amplitude of the pick-up potential with maximal
stimulation was less than 3.5, 2.5 and 2 mv for the ulnar,
median and peroneal nerves respectively.
Subsequently, other investigators from the Mayo
Clinic used this method of reporting abnormal conduction
velocities.

It is questionable how accurately the suggested

amplitudes indicate the number of motor units activated,
especially since a method for accurate placement was not
described.
Prom studies done in Italy, Pinelli,

37

et al.,

(1961) tend to support the arbitrary amplitudes for the
pick-up potential used at Mayo Clinic.

They tested normal

subjects using both surface discs and Adrian needles as
pick-up electrodes.

They found that the conduction velocity

was essentially the same using either type of pick-up elec
trode.

In addition, these authors found that in using

needle pick-up electrodes very significant variations in
amplitude, duration and shape of the evoked potentials were
observed.

07

However, using surface disc electrodes the

P. Pinelli, G. Lanzi, F. Savoldi and F. Zerbi,
"Some Questions Arising From Conduction Velocity Studies
of Human Motor Nerve Fibers," Rivista di Patologia Nervosa
Mentale, LXXXII (1961), 377-386.
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potential voltage (amplitude) as well as the shape of each
evoked potential was constant.

The authors did not indi

cate the specific voltage of their amplitudes, nor did they
stress the exact position of their surface electrodes other
than to place it over the muscle belly.
38
Kaeser
(1962) reported on patients with peripheral
nerve involvements.

He stated that after performing usual

electrodiagnostic methods, further information could be ob
tained by studying conduction of the impulse and the re
sponding pick-up potential.

He found that in Wallerian

degeneration, after one or two days, the amplitude of the
pick-up potential is decreased ninety percent while the
conduction velocity is decreased only ten percent.

There

fore, early evidence of Wallerian degeneration can be
detected by critical observation of the pick-up potential
before the conventional two week reaction of degeneration
time has expired. These observations are in agreement with
Lambert's 39 findings m the ten children with Guillam-Barre*
he examined for Peterman, et al., (1959).
A comprehensive report by Mavor and Libman

40

(1962)

described their experiences performing nerve conduction

38
Herman E. Kaeser, "Functional Examination on
Peripheral Nerves in Experimental Polyneuritis and Wallerian
Degeneration," German Journal of Neurology, CLXXXIII, 268304.
39Peterman, et al., loc. ext.
40

Mavor and Libman, loc. cit.
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velocity determinations at McGill University at Montreal,
Canada.

They agreed with Pinelli,4^ et al., (1961) that

recording with either needle or skin electrodes gave the
same values.
The significance of the amplitude of the pick-up
potential has been under critical scrutiny in some laboratories. Norris 42 (1963) in his book dismisses its relative
importance in two sentences:
As in the case of natural potentials, amplitude is the
least important criterion of evoked potentials, espe
cially with intramuscular electrode pick-up. Other
workers, however, have found amplitude measurements to
be of value when using skin recording electrodes (Hodes,
et al., 1948;43 Rooke, et al., I960).44
45
Herring and Knowlton
(1963) evaluated in conjunction with
motor nerve conduction velocities the amplitude of evoked
potentials at the abductor digiti quinti when the ulnar
nerve was stimulated at the elbow with a threshold stimulus.
These authors used a coaxial needle as a pick-up electrode

41 Pinelli, loc. cit.
42Norris, loc. cit.
43 Hodes, Larrabee and German, loc. cit.
44E. D. Rooke, L. M. Eaton and C. H. Hodgson, "Myas
thenia and Malignant Intrathoracic Tumor," Medical Clinics
of North America, IV (1960), 979-988.
45J. M. Herring and C. G. Knowlton, "Motor Nerve
Impulse Propagation Velocity," Archives of Physical Medicine
and Rehabilitation, V (1963), 253-256.

in the muscle, and their definition of a threshold stimulus
was one that produced a single motor unit potential which
did not increase in amplitude as the stimulus strength was
increased.

They did this on nineteen normal subjects and

thirty-one post-polio subjects with involvement of ulnar
innervated muscles.

The results showed that there was no

significant difference between the rate of impulse propaga
tion over the ulnar nerve in normal and post-polio subjects
They also established that there was no reliable relation
ship between the amplitude of the pick-up potential and
conduction velocity.
The most recent work on motor nerve conduction
velocity in relation to amplitude of evoked potentials was
46
done at Mayo Clinic and reported by Hudson and Dow
(1963)
These investigators used the system mentioned above,
Mulder, 47 et al., (1961) to determine abnormals. This is
the method that suggests nerve pathology if two of three
indicators, amplitude, duration, and velocity are abnormal.
Prom the literature reviewed above concerning
amplitude of the muscle action potential, all of the reviewers except Norris 48 agree that evaluating the amplitude

46
Calvin H. Hudson and Robert S. Dow, "Motor Nerve
Conduction Velocity Determination," Neurology, XIII (1963),
982-988.
47Mulder, Lambert and Bastron, loc. cit.
48Norris, loc. cit.
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of the potential is of value in many muscle diseases in
regard to determining innervation ratio.

As Hodes, et al.

49

has pointed out in his original work study, the number of
muscle fibers taking part in an activity was indicated by
the amplitude of the potential, and an actual reduction in
the amplitude reflects an actual reduction in the number of
innervated fibers participating.

Therefore, this investiga

tion hypothesized that increases in strength were reflected
by a greater number of mature muscle fibers responding, as
measured by the amplitude of the muscle potential.
V.

SUMMARY OF LITERATURE REVIEW

The literature has been reviewed in three main
sections:

Related Exercise Programs; Motor Nerve Conduction

Velocity; and Residual Latency and Amplitude of the Muscle
Action Potential.

The exercise programs reviewed certainly

indicated that isometric exercise leads to the same or a
better level of performance than isotonic for strengthening
of a specific muscle or muscle group.

Of the numerous

studies reviewed the article by Rasch and Morehouse was the
only one that suggested that isotonic exercise might be a
more effective method to strengthen a specific muscle group.
The review of literature regarding motor nerve con
duction velocity testing of the ulnar nerve confirmed the

49

Hodes, Larrabee and German, loc. cit.

reliability of the test since results from different labora
tories were consistent.

Eight of the investigations reviewed

established normals for ulnar nerve conduction velocities and
these averages were in agreement.

The only variance from

this was when subjects three years of age or less were in
cluded in the sample to establish norms, these norms were
slightly lower than those established with adults only.
The review of literature related to residual latency
and amplitude of the muscle action potential was somewhat
inconsistent regarding residual latency testing techniques,
but overwhelming in support of the efficacy of muscle action
potential amplitude testing.

Three articles were reviewed

concerning residual latency, two investigators had high
regard for the technique and the third indicated that resi
dual latency might be a more accurate evaluation of terminal
function, but was relatively unimportant since it added to
the overall complexity of the electromyographic examination.
The numerous articles reviewed regarding muscle action
potential amplitude testing were all in agreement concerning
the valuable contributions that this test could offer in
evaluating myoneural junction activity.

Chapter 3

PROCEDURE
X.

OVERVIEW OF PROCEDURES

Eleven female and eleven male employees of the
United States Public Health Service Hospital, Carville,
Louisiana were used as subjects.

Ten males and ten females,

also employees of the same institution served as controls.
Both subjects and controls underwent a one-week familiarity
program of isometric strengthening exercises of the abductor
digiti quinti muscle of the dominant hand.

The subjects and

controls were then tested in strength of the abductor digiti
quinti muscle, nerve conduction velocity of the ulnar, resi
dual latency and muscle action potential amplitudes.
The subjects were placed on a daily program of
isometric exercise to the abductor digiti quinti muscle for
a period of twelve weeks.

The isometric routine consisted

of four six second bouts of maximum resistive exercise with
thirty seconds of rest between each bout.
The subjects and controls were retested after six
weeks and after twelve weeks.

The subjects and controls

were compared from differences in test scores of strength,
conduction velocity, residual latency and muscle action
37
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potential amplitudes.

Performances of males and females

were compared and the level of training where differences
might have existed were examined.
II.

SELECTION OF SUBJECTS

Eleven female and eleven male subjects between the
ages of twenty and forty-four years were selected at random
from a pool of thirty-seven female and thirty-eight male
volunteers who are employed at the United States Public
Health Service Hospital, Carville, Louisiana.

A control

group of ten males and ten females between the ages of
nineteen and thirty-nine years were selected from the re
mainder of the pool.

Both controls and subjects underwent

a one-week familiarity program to become acquainted with the
strength testing and training apparatus.
III.

SELECTION OF MUSCLE TESTED

The muscle selected for strengthening was the ab
ductor digiti quinti muscle of the dominant hand.

This was

selected because it was predetermined experimentally that
when the wrist was in forty degrees of extension, contrac
tion of this muscle was completely isolated without any
radial or median innervated accessory muscles functioning.
This determination was made by examining the accessory
muscles electromyographically during maximum resistance
isometric exercise following an ulnar nerve block at the

elbow with novocaine.

Also, this muscle was selected be

cause of the minimal use that it performs carrying out
normal daily function.

Therefore, any increase in strength

would be due to the maximum resistance isometric exercise
training program.

The position of the hand and wrist for

exercising and testing abductor digiti quinti strength is
shown in the apparatus designed for this purpose (Figure 1)
IV.

TESTING EQUIPMENT AND TESTING PROCEDURE

The muscle strength was measured with an abductor
digiti quinti apparatus similar to that of Liberson and
Asa,^ but developed at the U.S. Public Health Service Hospi
tal, Carville, Louisiana, by Schneiderwmd. 2

This is a

steel foil 120 OHM strain gauge mounted at the apex of an
adjustable stainless steel plate bent to 180° (Figure 1A).
The hand was placed on a stainless plate and secured by a
one inch strap across the metacarpal phalangeal joints of
the fingers (Figure IB). An elevated plate proximal to the
wrist kept the wrist in 40° of extension (Figure 1C).

The

forearm was secured to this plate by a one inch strap
(Figure ID). A 1-1/2 inch by 3 inch plate was secured to
the base of the apparatus between the fourth and fifth

liberson and Asa, loc. cit.
2

Walter Schneiderwmd, personal communication.

Figure 1
Strain Gauge Dynamometer and
Laboratory Strip Recorder

41

fingers.

The plate helped to isolate the abductor digiti

quinti muscle and it kept the hand in the same position on
the apparatus for repeat testing.
The subject's hand was placed into position on the
abductor digiti quinti apparatus and the vertical resistance
lever, Figure IF was adjusted flush against the lateral
border of the fifth finger adducted parallel to the fourth
finger.

The force exerted by the abductor digiti quinti

against the vertical lever was recorded by a strain gauge
which transmitted any change in resistance to an amplifying
system which in turn fed it to an Electronic Laboratory
Strip Recorder (Figure 1H). The full graph span of the
recorder was set at 0.5 volts so that each one of the hun
dred blocks represents 5 millivolts.

At .5 volts sensitiv

ity of the record, each 14 block horizontal deflection of
the needle represented one pound (Figure 2).

The apparatus

was checked after each subject with an eight ounce spring
gauge to assure the tester of control accuracy.

Therefore,

the initial strength and any gain in strength of the ab
ductor digiti quinti muscle was measured very accurately.
The electromyograph was used to perform motor nerve
conduction velocity tests to determine if changes in diame
ter of the nerve could be detected.

Measurements of the

conduction velocity between the elbow and the wrist were
determined.

The technique used to measure conduction
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Figure 2
Laboratory Recorder Read-Out# Four Isometric Efforts
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velocities was essentially the same as that described by
Hodes,

et al.

However, since this is a relatively new

procedure, review of the specific technique used in this
investigation seemed to be indicated.
To determine the conduction velocity of an electri
cal impulse from the elbow to the wrist the subject was
positioned in the supine position with the upper arm ex
tended at a right angle from the body (Figure 3).

The skin

over the abductor digiti quinti muscle was cleaned with
alcohol and rubbed with dry gauze until an erythema appeared.
This procedure reduced the normal skin resistance, caused by
oil and body acids, to a minimum.

A silver disc pick-up

electrode five millimeters in diameter was placed over the
belly of the abductor digiti quinti muscle and a reference
electrode of the same diameter at the base of the proximal
phalanx of the fifth finger.

A two square centimeter ground

electrode was placed over the dorsal aspect of the hand just
proximal to the pick-up electrode.

Electrode jelly was used

between all electrodes and the skin as a coupling agent to
provide satisfactory electrical contact.

A Teca bipolar

electrode was used to induce the electrical stimulus into
the nerve.

Figure 3 illustrates the position of the most

effective points for the introduction of an electrical stimu
lus along the course of the ulnar nerve.

Two points of

3
Hodes, Larrabee and German, loc. ext.
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Figure 3
Sites for Stimulation

stimulation, the elbow and wrist, were used to calculate the
conduction velocity.

A supramaximal electrical stimulus,

which is established when the amplitude of the muscle poten
tial reaches a plateau, was applied over the ulnar groove at
the elbow, Figure 4A; and over the nerve at the wrist,
Figure 4B.

A pick-up electrode was placed over the belly

of the abductor digiti quinti muscle at Figure 4C.

A

polaroid camera, synchronized with the sweep of the oscillo
scope, photographed the stimulus artifact from the elbow and
the arrival of the impulse at the pick-up electrode over the
abductor digiti quinti muscle.

Then, by lowering the

oscilloscope beam, the stimulus artifact at the wrist (B)
and the arrival of the impulse at the pick-up electrode (C),
were photographed on the same exposure.

The tracings of

these two recordings are shown in the photograph of the
oscilloscope in Figure 5.
Since the beam on the oscilloscope has a preset
speed, the time in milliseconds for these events was read
from the photograph.

Each small vertical line on the beam

was a time mark generator impulse and equaled one milli
second.

The latency (or time) was read in milliseconds from

the stimulus artifact at A (at elbow) to the first major
deflection from the baseline, C, and from the stimulus arti
fact at B (wrist) to the first major deflection from the
baseline, C.

When these two times were subtracted (AC-BC),

the result was AB, the time it took the impulse to travel

Figure 4
Electromyograph, Sites for and Pick-vp Electrodes

°n '
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Figure 5
Stimulus Response Events Photographed
From Oscilloscope
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from the elbow to the wrist.

Two points of reference were

used to eliminate the influence of end plate resistance as
discussed earlier.

The distance from the elbow to the

wrist in millimeters, divided by the conduction time in
milliseconds from elbow to wrist, computed from the photo
graph, resulted in the conduction velocity in meters per
second.
The electromyograph was also used to evaluate
changes at the myoneural junction.
measurement were used:
tial amplitudes.

Two specific forms of

residual latency and muscle poten

Residual latency is essentially a measure

ment of the facility of an electrical impulse to pass
through the terminal nerve fibers and the myoneural junction
to the muscle fibers.

Residual latency was calculated from

the motor nerve conduction velocity data by dividing the
distance from the terminal point to the stimulating elec
trode by the nerve conduction velocity of the main nerve
trunk.

For example, in Figure 4 the computed conduction

velocity was 60 meters per second.

The distance from the

point of stimulus A to the proximal pick-up electrode C is
220 millimeters.

If the conduction velocity figure of 60

meters per second is divided into the distance of 220 milli
meters, the result 3.66 is less than the observed latency of
5.5.

The difference between 5.5 and 3.66 is 1.84 which is

referred to as the residual latency.

This difference as
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defined by Hodes, et al.

4

represents the slower velocity of

conduction in the finer terminal portions of the nerve
fibers and the delay at the neuromuscular junction.

One of

the hypotheses proposed in this investigation was that a
training program specifically designed for a muscle distal
to the myoneural junction would have a profound influence
on the facility of impulses passing through this junction
and would therefore cause a decrease in residual latency.
Muscle pick-up potential amplitudes were also ana
lyzed from information derived from performing the conduc
tion velocity examination.

The amplitude measurement was a

reflection of the number of mature motor fibers responding
to the electrical stimulus.

This measurement was made by

calibrating the electromyograph instrument to a known
sensitivity.

For example, the deflection sensitivity from

the base line in Figure 5 was set at 1000 millivolts.

For

each division or horizontal line that the vertical pick-up
potential, seen on the grid, passes through when it responds
to the stimulus is a 1000 millivolt deflection.

In this

particular example the amplitude of the elbow to hand muscle
potential is approximately 3500 millivolts.

The wrist to

hand muscle potential is just below 4000 millivolts.

In

this study the elbow to hand amplitude was used for compara
tive purposes because there was less likelihood for examiner

4Ibid.
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artifact activity when the elbow was stimulated.

One of the

hypotheses proposed in this investigation indicated that a
training program for the abductor digiti quinti muscle would
cause an increase in amplitude of the muscle potential
elicited.

Any changes in amplitude therefore reflected

changes in the number of mature fibers responding to the
electrical stimulus.
IV.

TRAINING PROCEDURE

Both the subjects and the control group participated
in a one week familiarity routine on the abductor digiti
quinti apparatus.

After the familiarity routine both the

subjects and the controls were tested initially for abductor
digiti quinti muscle strength, motor nerve conduction veloc
ity, residual latency and muscle action potential applitudes.
All of these tests were repeated at the end of six week and
twelve week intervals.
The training period for the subjects participating
in the study was twelve weeks.

The subjects were placed on

a maximum resistance isometric training program of abduc
tion of the fifth finger to strengthen the abductor digiti
quinti muscle of the dominant hand.

The training program

consisted of four six second bouts of maximum resistive
isometric exercises with thirty seconds of rest between each
bout, once a day Monday through Friday.

The testing and

exercise program was conducted between eight o'clock and
eleven o'clock each morning.
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V.

TREATMENT OF DATA

The reliability of the electromyograph instrument
was established by deriving means and standard deviations
in the control group for conduction velocity, residual
latency and muscle amplitudes and comparing with other re
liable sources.

The reliability of the abductor digiti

quinti apparatus was established by the Pearson ProductMoment method of correlation on initial and retest scores.
A Pearson r. correlation was done between initial
and six week and initial and twelve week scores to evaluate
influence of initial strength.
A two by three factorial design analysis of variance
was used to determine if differences in strength existed
between trials, between sexes, and the interaction effects.
A randomized block design with a two way classifica
tion was used to determine if differences existed between
trials of conduction velocity, residual latency and muscle
action potential amplitudes.
When a significant F-ratio was found in any of the
analysis of variance analyses, the orthogonal comparison
technique was utilized to determine the treatment or combi
nation of treatments responsible for the significant dif
ferences found.

Chapter 4

PRESENTATION AND ANALYSIS OF DATA
I.

INTRODUCTION

The basic data analyzed in the study were the
initial, six week and final test scores for abductor digiti
quinti muscle strength, nerve conduction velocity, residual
latency and muscle action potential amplitude-

Control

subjects for each of the variables examined were also ana
lyzed statistically.

The raw data are presented in Appen

dixes A through H.
The statistical techniques applied in the study
were:

(1) the establishment of reliability of the electro

myograph instrument by deriving means and standard deviations
in the control group for conduction velocity, residual
latency and muscle amplitudes to compare with other reliable
sources.

Establishment of reliability of the abductor

digiti quinti testing apparatus by the Pearson ProductMoment method of correlation on initial and retest scores;
(2) the application of correlation coefficients between
initial, six week and twelve week scores of muscle strength
to determine the influence of initial strength scores on six
week and twelve week scores; (3) the application of a two by
52
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three factorial design to determine if differences in
strength existed between trials, between sexes, and the
interaction effects; if differences were found the applica
tion of orthogonal comparisons to determine where they
existed and the level of training; (4) the application of a
randomized block design with a two-way classification to
determine if differences existed between trials of conduc
tion velocity, residual latency and muscle action potential
amplitudes; if differences did exist orthogonal comparisons
were employed to determine the nature of the differences.
II.

ANALYSIS OF TEST RELIABILITY

The twenty-two subjects used for controls had mean
scores and standard deviations as follows:

conduction

velocity 59.34, 4.09, muscle amplitude 3.0, .71 millivolts,
residual latency 3.55, .48 milliseconds.

These scores were

in agreement with those established by Mulder,
and Hodes.

1

Pinelli,

2

Therefore, the electromyograph instrument was

deemed reliable for this experiment.
The abductor digiti quinti testing apparatus was
determined to be reliable by a test retest method performed
immediately prior to this project.

1

Mulder, loc. cit.

This was done by using

2

Pinelli, loc. cit.

3
Hodes, Larrabee and German, loc. cit.

twenty male and twenty female subjects from the staff at
Carville other than those who participated in the study as
subjects or controls.

The same testing procedure was used

on these subjects as was used on the subjects and controls
for the study.

Each subject was tested Monday and Friday

at 10 a.m. within the same week.

The initial test and

retest scores for each test were analyzed by the Pearson
Product-Moment method and the coefficient of correlation
computed.

The correlation coefficient for the twenty male

subjects was .93 and for the twenty female subjects .94,
therefore, the testing apparatus was deemed reliable for the
purpose of this study.
III.

THE SIGNIFICANCE OF CORRELATION COEFFICIENTS
BETWEEN INITIAL AND SIX WEEK TRIALS AND
BETWEEN INITIAL AND TWELVE WEEK TRIALS
Correlation coefficients were performed between the

initial and six week scores and between initial and twelve
week scores to determine the influence that initial strength
had on the six week scores and the twelve week scores.

The

correlation coefficient between the initial and six week
scores was -.127.

The correlation coefficient between the

initial and twelve week scores was -.294.

These correla^-

tion coefficients indicated that the gains made were not
influenced by the initial status of the group.
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IV.

ANALYSIS OF THE MEAN DIFFERENCES IN
STRENGTH BETWEEN TRIALS, BETWEEN
SEXES, AND THE INTERACTION

The significance of the mean difference in strength
between trials, between sexes and the interaction effects
was established by the application of a two by three fac
torial design using analysis of variance as indicated by
the results of the correlation coefficients.
The results indicated a significant difference be
tween trials, the F-ratio was 26.88.

Also, the results

showed a significant difference between sexes, the F-ratio
was 6.94.

There was not a significant interaction, the

F-ratio was .58.

The control group demonstrated no signifi

cant difference between trials (F-ratio .42), but a signifi
cant difference between sexes was found as shown by an
F-ratio 48.68.

The F-ratio of .64 for interaction of trials

and sex was not significant.

Table 1 presents the Analysis

of Variance Table for the experimental subjects and Table 2
provides the Analysis of Variance Table for the control
subjects.
Since a significant F-ratio was found between trials
in the experimental group this indicated that significant
differences existed between trials.

When the F-ratio was

found to be non-significant as in the control group there
was no reason for further testing, since none of the means
were likely to be found significantly different from any
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Table 1
Analysis of Variance of Strength Scores Between

Trials, Sexes, and Interaction for
Experimental Subjects

Source of
Variance

Sum of
Squares

Treatment
Trials
9,373.15
Sex
1,210.05
Interaction
201.98
10,459.91
Within
Total
21,245.09

df

Mean
Square

2
1
2
60
65

4, 686.58
1, 210.05
100.99
174.33

P

F

26.88
6.94
0.58

S .05
S .05
NS

F statistic at .05 level for 2 and 60 d.f. = 3.15.
F statistic at .05 level for 1 and 60 d.f. = 4.00.

Table 2
Analysis of Variance of Strength Scores Between
Trials, Sexes, and Interaction for
Control Subjects

Source of
Variance

Sum of
Squares

Treatment
Trials
69.23
4,015.09
Sex
105.84
Interaction
4,453.97
Within
Total
8,644.13

df

Mean
Square

2
1
2
54
59

34.62
4,015.92
52.92
82.48

F
0.42
48.68
0.64

P
NS
S .05
NS

F statistic at .05 level for 2 and 54 d.f. = 3.17.
F statistic at .05 level for 1 and 54 d.f. = 4.02.
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other mean.

4

However, in the experimental group a signifi

cant P indicated that at least one of the mean differences
was reliably different from some others and orthogonal
comparison were used to determine the nature of these dif
ferences in regard to linear and quadratic relationships.
Table 3 below presents the orthogonal design employed to
determine if a significant linear or quadratic trend could
be established among the differences which existed.
Table 3
Orthogonal Design for Examining Linear and Quadratic
Relationships of Strength Score Differences
Between Trials for Experimental Subjects

Initial
Score
901.1

Six
Week Score
1325.9

Twelve
Week Score
1530.6

Comparison I
(Linear)

-1

0

+1

Comparison II
(Quadratic)

+1

-2

+1

Scores are represented in blocks, fourteen blocks
equal one pound.
The first comparison between the initial score, six
week score and twelve week score showed a significant

Henry E. Garrett, Statistics in Psychology and Edu
cation (New York: David McKay Company, Inc., 1958), p. 284.
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linearity with an F-ratio of 51.66.

The second comparison

demonstrated a non-significant quadratic relationship with
an F-ratio of 2.10.

Table 4 below presents the linear and

quadratic regression of strength increases between initial,
six week and twelve week trials.
Table 4
Orthogonal Comparisons of Linear and Quadratic
Relationships of Strength Score Differences
Between Trials for Experimental Subjects

Comparison

Sum of
Squares

df

Linear

9006.14
367.00

Quadratic

Mean
Square

F

P

1

9006.14

51.66

S .05

1

367.00

2.10

NS

F statistic at .05 level for 1 and 60 d.f. = 4.00.
Table 1 shows that the F-ratio between sexes was
6.94 which indicates a significant difference.

Since a

significant F-ratio was found between sexes the scores indi
cated that in this experiment males were superior to females
in strength gains between trials.
V.

THREE PART ANALYSIS OF VARIANCE OF CONDUCTION
VELOCITY, RESIDUAL LATENCY AND MUSCLE
AMPLITUDE SCORES AND ORTHOGONAL
COMPARISONS WHERE INDICATED
The conduction velocity scores from the initial, six

week and twelve week trials did not show a significant
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difference between trials, but there was a significant dif
ference between blocks indicating that some subjects scored
consistently higher than others without regards to trials.
Table 5 presents the Analysis of Variance Table of the con
duction velocity scores for the experimental subjects.
Table 6 presents the Analysis of Variance Table of the
conduction velocity scores for the control group.

The con

trol group showed no significant difference between trials
and between blocks.

Since F was found to be non-significant

orthogonal comparisons were not indicated.
Table 5
Three Part Analysis of Variance of Conduction
Velocity Scores for Experimental Subjects

Source of
Variance

df

Sum of
Squares

Mean
Square

Block
Treatment
Error
Total

21
2
42
65

953.46
36.93
356.25
1, 346.64

45.40
18.46
8.48

F
5.353
2.176

P
S .05
NS

F needed at .05 level at 21 and 42 d.f. = 1.81.
F needed at .05 level at 2 and 42 d.f. = 3.22.
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Table 6
Three Part Analysis of Variance of Conduction
Velocity Scores for Control Subjects

Source of
Variance

Sum of
Squares

df

Mean
Square

Block

625.27

19

2.24
408.7 9
1,036.30

2
38
59

Treatment
Error
Total

F

P

32.91

3.06

NS

1.12
10.76

0.10

NS

F statistic at .05 level for 2 and 38 d.f. = 3.25.
F statistic at .05 level for 19 and 38 d.f. = 1.86.
The residual latency scores from the initial, six
week and twelve week trials showed no significant differ
ences between trials, but there was a significant differ
ence between blocks indicating that some subjects scored
consistently higher than others without regard to trials.
The control group also showed no significant difference be
tween trials, but a significant difference between blocks.
Tables 7 and 8 presents the Analysis of Variance Tables for
the experimental group and the control group respectively.
The muscle action potential amplitude scores from
the initial, six week and twelve week trials showed a sig
nificant difference between trials.

Also, there was a

significant difference between blocks indicating that some
subjects scored consistantly higher than others without
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Table 7
Three Part Analysis of Variance of Residual
Latency Scores for Experimental Subjects

Source of
Variance

Sum of
Squares

df

Mean
Square

Block

23-80

21

.49

Treatment
Error
Total

F

P

1.13

6.28

S

2

.25

1.38

NS

7.50

42

.18

31.79

65

F statistic at .05 level for 21 and 42 d.f. = 1.81.
F statistic at .05 level for

2 and 42 d.f. = 3.22.

Table 8
Three Part Analysis; of Variance of Residual
Latency Scores for Control Subjects

Source of
Variance

Sum of
Squares

df

Mean
Square

Block
Treatment

11.86
0.11

19
2

.624
.055

3.89

38

.102

15.86

59

Error
Total

F
6.12
.54

P
S
NS

F statistic at .05 level for 19 and 38 d.f. = 1.86.
F statistic at .05 level for

2 and 38 d.f. = 3.25.
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regard to trials.

Table 9 presents tbe Analysis of Variance

Table of the amplitude scores for the experimental subjects.
Table 10 presents the Analysis of Variance Table for the
control subjects.

The control group showed no significant

difference between trials, but a significant difference be
tween blocks.
Table 9
Three Part Analysis of Variance of Muscle Action
Potential Amplitude Scores for
Experimental Subjects
Source of
Variance
Block
Treatment
Error

Sum of
Squares
10,941,478.0
12,204,603.0
10,922,897.0

df
21
2
42

Total

34,068,978.0

65

Mean
Square
521,022 .8
6,102,301.5
260,069.0

F
2.005
23.464

P
S
S

F statistic at .05 level for 21 and 42 d.f. = 1.81.
F statistic at .05 level for 2 and 42 d.f. =3.22.
Table 10
Threei Part Analysis of Variance of Muscle Action
Potential Amplitude Scores for
Control Subjects
Sum of
Source of
Mean
Variance
Squares
Square
df
F
P
Block
893, 059.2
16,968,125.0
19
2.63
S
Treatment
1,008,062.5
2
504,031.2
1.48
NS
Error
339,656.2
12,906,937.5
38
Total
30,883,125.0
59
F statistic at .05 level for 2 and 38 d.f. = 3.25.
F statistic at .05 level for 19 and 38 d.f. = 1.86.

63

Since a significant F-ratio was found between trials
of the experimental subjects orthogonal comparisons were
made to determine the nature of these differences in regard
to linear and quadratic trends.

Table 11 below presents

the orthogonal design employed to determine if a linear or
quadratic relationship could be established among the dif
ferences which existed.
Table 11
Orthogonal Design for Examining Linear and Quadratic
Relationships of Muscle Action Potential
Differences Between Trials

Linear
Quadratic

Initial
Score

Six
Week Score

Twelve
Week Score

54, 975
-1
+1

67,450
0
-2

78,125
+1
+1

The first comparison between the initial score/ six
week score and twelve week score showed significant linear
ity with an P-ratio of 46.83.

The second comparison showed

an F-ratio of .09 and consequently no significant quadratic
relationship was demonstrated.

Table 12 presents the find

ings of a significant linear relationship between trials
and the insignificant quadratic relationship between trials.
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Table 12

Orthogonal Comparisons of Linear and Quadratic
Relationships of Muscle Action Potential
Amplitude Differences Between Trials

Comparison
Linear
Quadratic
Error

Sum of
Squares

df

Mean
Square

F

P

12,180,156.8

1

12,180,056.8

46.83

S

24,545.4

1

24,545.4

.09

NS

10,922,897.0

42

260,069.0

F statistic at .05 level for 1 and 42 d.f. =4.07.

Chapter 5

SUMMARY, FINDINGS, CONCLUSIONS, RECOMMENDATIONS
I.

SUMMARY

It was the purpose of this study tox

(a) determine

if a program of daily maximum resistance isometric exercise
of the abductor digiti quinti muscle produced changes in
strength, and if changes occurred, the level of training
where they occurred,

(b) to determine if a program of daily

maximum resistance isometric exercise of the abductor digiti
quinti muscle caused changes in the size of diameter of the
supplying nerve,

(c) to determine if a program of daily

maximum isometric exercise of the abductor digiti quinti
muscle caused changes at the myoneural junction.
In order to determine the reliability of the abduc
tor digiti testing apparatus a separate group outside of
the study was tested and retested and a Pearson ProductMoment correlation coefficient derived which indicated that
the instrument was reliable.

The electromyograph instrument

reliability was established by comparing the results of
conduction velocity, action potential amplitudes and resi
dual latency with other valid criteria.
The subjects of the study were eleven male and
eleven female subjects employed at the United States Public
65
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Health Service Hospital, Carville, Louisiana.

Ten males and

ten females were used as controls for the testing procedures
designed.

All subjects participated in a one-week famil

iarity routine in which they experienced all testing and
training methods.

All subjects were tested initially, six

week and twelve week intervals.

They were tested for changes

in abductor digiti quinti muscle strength; motor nerve con
duction velocities as related to changes in nerve diameter;
muscle action potential amplitudes and residual latency as
related to changes at the myoneural junction.
The experimental subjects underwent a twelve week
training program in which they performed four six second
bouts of maximum resistive isometric exercise with thirty
seconds of rest between each bout.

The subjects exercised

daily Monday through Friday between eight and eleven o'clock
each morning.
A two by three factorial design analysis of variance
was applied to determine the significance of the difference
in strength between trials, sexes and the interaction ef
fects.

Orthogonal comparisons were utilized to determine

where the significant differences existed.
A randomized block design with a two-way classifica
tion was applied to determine the differences existing
between trials of motor nerve conduction velocity, residual
latency and muscle potential amplitudes.

Orthogonal com

parisons were utilized to determine where the significant
differences existed.
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II.

FINDINGS

This study examined three types of physiological
responses to a program of isometric; exercise; strength
changes, nerve diameter changes, and myoneural junction
changes.
The findings revealed by this study in regard to
strength changes were as follows:
1.

Isometric exercise of the

abductor digiti quinti

caused significant linear increases in strength
between the initial, six week and twelve week
test periods.
2.

Isometric exercise of the abductor digiti quinti
muscle resulted in a significant difference be
tween male and female strength in favor of the
males for all testing periods.

3.

Isometric exercise of the

abductor digiti quinti

muscle resulted in strength differences between
males and females being uniform for the test
periods.
4.

Isometric exercise of the abductor digiti quinti
muscle did not cause any significant difference
in the motor nerve conduction velocity between
the initial, six week and twelve week test per
iods .

5.

Isometric exercise of the abductor digiti quinti
muscle did not cause any significant differences
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in the facility of transmission of the nerve im
pulses through the myoneural junction as
measured by residual latency times.
6

. The innervation ratio of the motor end plate
showed a significant linear increase in the num
ber of muscle fibers participating as training
progressed as measured by the amplitude of the
muscle action potential.
III.

DISCUSSION

A few pertinent facts should be brought to the at
tention of the readers at this point.

Concerning the

significance of the increases in strength made by the ex
perimental subjects, it was expected that a program of this
type would cause significant changes in strength and that
these changes would be linear considering the length of the
training program.

Also, it was expected that the males

would be stronger than the females because of the nature of
the sexes.

However, the fact that both males and females

did not show any differences in the amount of strength gains
at the different levels of training suggests that there
isn't any physiological difference between males and females
response to an isometric exercise program.

Other authors

who have indicated that individual differences between sexes
might exist in regard to responses to isometric exercise
used muscle groups rather than a specific muscle.

Perhaps

the potential for development of these muscle groups are
greater in one sex than in another because of previous
specific muscle strengthening programs that one sex would
be more inclined to participate in than another.

Since the

abductor digiti quinti muscle was specifically strengthened
in this study, it is very doubtful that this muscle would be
used for resistive exercises by either sex under any circum
stances prior to the experiment.

Therefore, these predis

posing factors relating to the muscle or muscle group
selected for isometric training probably accounts for the
sex differences found by other investigators, but not evi
dent in this study.
In retrospect, the hypothesis that changes in nerve
diameter would occur secondary to a twelve week training
program was ambitious considering the length of the training
program.

Since there wasn't any evidence of change in the

serial conduction velocity test scores, any changes that
might have occurred in regard to nerve would have been mani
fested in the finer terminal fibers.

Unfortunately, testing

equipment is not sophisticated enough to measure minute
changes of this type.

Also, exercises limited to one small

muscle probably did not demand enough stimuli from the
central nervous system to have any effect on the diameter of
the ulnar nerve proximal to the wrist.
The findings revealed by this study in relation to
the facility with which impulses are transmitted through the
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myoneural junction indicate that increases in strength
secondary to isometric exercise do not play a role.

Since

this was not in agreement with Karpovich'*' it is possible
that the facility with which the impulses pass through the
myoneural junction might be more dependent upon the sensory
system.

It seems as though more feedback would be associ

ated with a training program of isotonic exercises where
sophisticated kinesthetic mechanisms and joint receptors
would contribute to the afferent impulses sending informa
tion to the central nervous system in addition to the
feedback from the muscle spindles.

Lassek

2

surgically

sectioned the dorsal roots ganglion (sensory neuron) of the
nerves upon the upper extremity of a monkey.

This caused

the extremity to become completely paralyzed, and he con
cluded that the initiation and direction of voluntary motor
activity does not originate in the motor cortex but is
dependent upon sensory perception.

Therefore, it is very

possible that the facility with which the impulses pass
through the myoneural junction would be significantly dif
ferent if the exercise program was designed in a manner
whereby an increased number of sensory receptors were
utilized.
1 Karpovich,

loc. cit.

2A . M. Lassek, "Effect of Combined Afferent Lesions
on Motor Function," Neurology, V (1955), 269-272.
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The results revealed by this study in regard to the
hypothesis that an isometric exercise program of one spe
cific muscle would show a significant increase in muscle
fiber innervation to that muscle were very gratifying.

The

abductor digiti quinti muscle did show a significant in
crease in muscle fiber innervation ratio as measured by the
amplitude of the muscle potential.

As Karpovich

3

has

indicated it becomes easier to use a muscle in its entirety
as end plate transmission is improved and idle fibers are
activated.

This technique of measuring the amplitude of the

muscle action potential as an indicator of innervation ratio
gives us the opportunity to objectively measure the results
of specific muscle re-education techniques and other motor
learning activities.
IV.

CONCLUSIONS

Within the limitations of this study, the following
conclusions were made:
1.

A program of daily maximum resistance isometric
exercise to the abductor digiti quinti muscle
causes significant linear increases in strength
for both males and females.
The above conclusion leads to the fol
lowing statement:

3
Karpovich,

loc. cit.

Males and females respond to

a program of isometric exercise to a small iso
lated muscle in essentially the same manner,
increasing in strength at the same levels of
training.
A program of daily maximum resistance isometric
exercise to the abductor digiti quinti muscle
has no influence on the caliber of the inner
vating nerve.
A program of daily maximum resistance isometric
exercise to the abductor digiti quinti muscle
has no influence on the facility of impulses
passing through the myoneural junction.
A program of daily maximum resistance isometric
exercise to the abductor digiti quinti muscle
causes significant increases in the innervation
ratio of the motor end plate.

This increase in

innervation ratio was linear.
V.

RECOMMENDATIONS FOR FURTHER STUDY

A similar study using isotonic exercise routines
instead of isometric.
A study using mice performing exercises on a
treadmill with one extremity immobilized.

The

innervation ratio of one muscle could be com
pared with the innervation ratio of the same
muscle on the contralateral extremity by two

methods; amplitude of the muscle action poten
tial as done in this study and histological
examination after sacrificing the animals.
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APPENDIX A
INITIAL SIX WEEK AND TWELVE WEEK ABDUCTOR DIGITI QUINTI
STRENGTH SCORES FOR THE EXPERIMENTAL SUBJECTS

FEMALES
Subject
1.

Initial

Six Week

Twelve Week

.
3.
4.
5.
6.

25.3
38.0
30.7
43.7
48.0
38.3

43.2
82.5
55.2
57.2
51.0
44.5

54.1
79.2
62.0
54.5
85.7
66.5

7.
8.
9.
10.
11.

26.1
32.7
30.0
35.2
31.1

57.5
61.7
46.7
67.2
50.8

69.0
63.5
64.7
71.0
70.7

2

MALES
Subject
1.
2.

3.
4.
5.
6.
7.
8.
9.
10.
11.

Initial
40.0
54.7
65.0
50.2
58.2
35.2
43.5
34.6
57.2
47.7
35.7

Six Week
71.7
62.3
73.1
70.5
82.0
36.2
67.1
41.7
101.0

51.2
51.6

Twelve Week
81.2
59.5
84.1
73.7
78.8
52.5
73.2
61.3
113.4
52.2
59.8
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APPENDIX B
INITIAL SIX WEEK AND TWELVE WEEK ABDUCTOR DIGITI QUINTI
STRENGTH SCORES FOR THE CONTROL SUBJECTS

FEMALES
Subiect
1.

.
3.
4.
5.
6.
7.
8.
9.
10.
2

Initial
27.00
18.00
33.70
32.00
43.00
45.33
34.50
18.00
44.00
43.66

Six Week
28.00
19.33
32.66
30.00
48.33
33.25
34.00
22.83
38.66
41.66

Twelve Week
27.00
34.33
28.20
27.66
52.00
33.66
32.66
29.33
34.33
39.00

Six Week
46.20
50.00
53.20
48.50
57.66
56.66
61.64
42.33
59.00
44.66

Twelve Week
40.20
49.50
42.50
51.50
34.66
54.16
58.98
34.00
53.33
47.00

MALES
Subiect
1.

.
3.
4.
5.
6.
7.
8.
9.
10.
2

Initial
41.00
54.50
60.33
64.00
42.50
55.50
59.39
28.00
63.33
42.66
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APPENDIX C
INITIAL SIX WEEK AND TWELVE WEEK ULNAR NERVE CONDUCTION
VELOCITY SCORES FOR THE EXPERIMENTAL SUBJECTS

FEMALES
Subject______Initial__________ Six Week_______ Twelve Week
53.02
57.86
1.
55.71
2.
58.70
59.36
54.80
58.78
62.05
57.56
3.
59.74
60.79
4.
56.67
57.89
64.50
64.17
5.
55.12
62.38
58.04
6•
64.10
66.69
7.
64.87
60.24
61.00
8.
61.75
9.
57.25
63.95
59.47
49.62
63.51
10.
57.11
64.70
65.28
64.05
11.

MALES
Subject______Initial__________ Six Week_______ Twelve Week
56.81
55.63
52.55
1.
61.18
58.49
2.
60.97
58.54
57.20
59.20
3.
55.54
61.37
58.93
4.
61.14
61.19
65.38
5.
49.09
45.41
44.83
6.
63.36
63.48
61.96
7.
65.22
52.86
58.98
8.
58.08
62.61
60.38
9.
58.64
55.71
10.
55.71
62.70
60.53
56.50
11.
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APPENDIX D
INITIAL SIX WEEK AND TWELVE WEEK ULNAR NERVE CONDUCTION
VELOCITY SCORES FOR THE CONTROL SUBJECTS

FEMALES
Subiect
1.

2.
3.
4.
5.
6.
7.
8.
9.
•

o
t
—1

Initial

Six Week

Twelve Week

56.73
55.40
58.51
56.70
55.19
64.39
54.00
54.29
64.52
60.00

58.65
54.07
52.69
63.49
58.16
55.10
61.33
60.23
64.09
61.36

60.00
52.07
58.72
63.78
63.18
59.05
54.00
61.16
65.97
59.30

Six Week
57.56
58.75
62.31
50.00
60.00
57.11
66.66
66.05
63.81
57.33

Twelve Week
64.05
59.00
60.00
60.71
63.00
49.21
62.56
63.75
60.93
55.32

MALES
Initial
60.50
52.55
62.37
59.53
64.52
56.09
61.05
65.70
64.29
60.46

Subiect
1.

2.
3.
4.
5.
6.
7.
8.
9.

•

o
r—1

A
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APPENDIX E
INITIAL SIX WEEK AND TWELVE WEEK SCORES FOR MUSCLE ACTION
POTENTIAL AMPLITUDE FOR THE EXPERIMENTAL SUBJECTS

FEMALES
Subiect
1.

.
3.
4.
5.
6.
7.
8.
9.
10.
11.
2

Initial
2500
2000
2200

3900
2000
2000
2000

Six Week
3000
3000
3500
3125
3500
2500
3000

3125
2300
3000
1500

2200

4125
3250
2900

Twelve Week
4500
4125
3900
4400
4000
3000
3800
3700
3500
3000
3200

MALES
Subiect

Initial

Six Week

1.

2000

2000

.
3.
4.
5.
6.
7.
8.
9.

2600
2500
3000
3500
1250

2250
3250
3000
3250
2500
3400
2500
4100
3100
4000

2

•

o

1
—1

11.

2000

3000
2600
3000
3000

Twelve Week
3000
2625
3125
4000
3625
2750
3750
3250
4000
3750
3125
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APPENDIX F
INITIAL SIX WEEK AND TWELVE WEEK SCORES FOR MUSCLE ACTION
POTENTIAL AMPLITUDE FOR THE CONTROL SUBJECTS

FEMALES
Subiect
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Initial
2400
2625
4150
3500
2600
3900
2300
3000
4100
3800

Six Week
2750
3000
2100

2850
3300
4100
3200
3600
2400
3900

Twelve Week
1250
2750
3200
3350
3200
3200
2125
2500
3800
3600

MALES
Subiect
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Initial
2300

Six Week
2000

Twelve Week
2300

2000

2000

2100

3000
4200
3150
3100

3375
2300
3625
2600
3100
3000
2150
1400

1500
4000
3100
2300
2700

2200

2500
2600
2500

2000
2100

2500
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APPENDIX G
INITIAL SIX WEEK AND TWELVE WEEK SCORES FOR RESIDUAL
LATENCY SCORES FOR THE EXPERIMENTAL SUBJECTS

FEMALES
Subiect
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Initial
2.96
2.76
1.52
2.44
1.26
3.10
2.23
1.76
2.35
1.76
1.80

Six Week
2.17
2.64
1.82
1.41
1.75
2.88

1.73

Twelve Week
2.75
2.90
2.40
2.72
2.15
2.27
2.38

2.10

2.10

1.48
2.05

2.26

1.86

1.63

2.01

MALES
Subiect
1.

.
3.
4.
5.
2

6

.

7.
8.
9.
10.
11.

Initial
2.99
2.93
2.98
2.36
2.58
3.36
3.12
3.12

3.18
3.63
1.29

Six Week
3.24
2.17
3.87
2.82
2.17
3.94
2.77
3.81
1 .6 6

3.63
1.44

Twelve Week
2.86

3.16
3.13
3.00
2.20

3.90
2.81
2.88

3.59
3.04
1.91

87
APPENDIX H
INITIAL SIX WEEK AND TWELVE WEEK SCORES FOR RESIDUAL
LATENCY SCORES FOR THE CONTROL SUBJECTS

FEMALES
Subject______Initial__________ Six Week_______ Twelve Week
1.
4.48
4.06
4.47
2.
4.49
4.42
4.90
3.
3.78
4.12
3.83
4.
4.00
3.34
3.73
5.
4.04
4.90
3.53
6.
3.25
4.70
3.10
7.
3.84
3.65
3.97
8.
3.74
3.39
3.47
9.
3.27
3.24
3.27
10.
3.37
3.55
3.44

MALES
Subiect______Initial__________ Six Week_______ Twelve Week
1.
2.

3.
4.
5.
6.
7.
8.
9.
10.

3.19
3.84
3.03
3.36
3.44
3.70
2.73
2.86

3.44
3.20

3.21
3.15
3.16
3.54
3.68
3.42
2.74
2.95
3.32
3.42

3.04
3.17
3.10
3.21
3.13
3.82
2.67
3.09
3.35
3.62
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